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CAUTION TO THE READER 
 
THE INFLUENCE OF SITE TYPE AND HARVEST INTENSITY ON 
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1.0 INTRODUCTION  
1.1 Current Context of Disturbance Ecology  
et al. et al. et al.
et al.











and Macdonald’s 2007 
as and Mallik’s (2011) 
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1.2 Geographic Setting: Ontario’s Boreal Forests  
et al.
enting about 41% of the province’s total 
et al.
1.3 The Research Questions 
managers’ mandate to sustain both biodiversity and ecosystem 










2.0 LITERATURE REVIEW - PREDICTING PLANT DIVERSITY RESPONSE 
TO DISTURBANCE: APPLICABILITY OF THE INTERMEDIATE 
DISTURBANCE HYPOTHESIS AND MASS RATIO HYPOTHESIS1  
2.1 Introduction 
et al. et al.
et al. et al.
et al.
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–
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2.2 Assessment of Biodiversity Response to Disturbance Models 





2.2.2 Data Analysis 
α = 
N = 
2.3 Patterns of Biodiversity Response to Disturbance 
2.3.1 Compliance and Deviations 
n = n = 
2.3.2 Is Compliance Associated With Ecosystem? 
n = 
p < p = 
p = p = 
n = 
2.4 Relevance of IDH and MRH to Land Management 
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Kalmia angustifolia L. Empetrum Vaccinium 
et. al.
Picea mariana (Mill.) -Kalmia 









2.4.2 Relevancy of IDH to Land Management 
et al. et 
al.
et al. et al.






identify “tipping points” between acceptable
et al.
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2.5 Challenges in Interpreting Compliance and Deviation 
et 
al. et al. et al.
et al. et al.
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3.1 The Study Areas: Long-Term Site Productivity (LTSP) Research Plots  
condition of Ontario’s Class Environmental Assessment (EA) for Timber Harvesting to 
et al.
Terms and Conditions (T&C) one of which, T&C 101, stated: “OMNR shall design and 

















































3.3 Field Sampling Methods 
3.3.1 Experimental Layout 
3.3.2 Environmental Parameters 







Figure 3.7  Schematic displaying sampling layout. All plant presence and abundance 
data, canopy closure, and surface soil environmental data  was collected at 
the 2 x 2m quadrat level, averaged to give one value per sub-plot then 
averaged again to give one value per plot, thus resulting in 18 observations 
(3 x 2 x 3).  per treatment type over all three sites (6 observations per 
treatment/site type combination). C - centre stake, O (circles) - soil sample 




























Area 1 Area 2
Plot 1 Plot 2 Plot 3
C
3.3.3 Soil sampling 





3.4 Sampling and Processing Procedures for Soil Seed Bank Assessment 




3.5 Laboratory Analysis of Soil Properties  



















Bray’s No. 1 (
3.5.2 Anaerobic Nitrogen Determination 
at 30 ˚C 
et al.
et al
3.6 Quantitative Analysis 
3.6.1 Assessment of Community Diversity 15 Years after Harvesting Disturbance  
Diversity Measures 
Shannon’s Diversity (H’) and Simpson’s Diversity (D)
. Simpson’s
’





is Shannon’s diversity index and R is average species richness
Shannon’s Diversity Index (H'): 
H' = ∑p
i
Simpson’s Diversity Index (D):
∑(
i
Statistical Approach  
ε
ε
the raw data as recommended by O’Hara and Kotzke (2010
Orthogonal Contrasts 
, Shannon’s diversity and Simpson’s 
λ λ λ λ ∑ λ
vs.
Subscripts are:  λ ), λ
, λ
,  λ
Reproductive Trait Response to Treatments 
3.6.2 Assessment of Species Composition 15 Years after Harvest Treatments  
PerMANOVA 
mathematical rule that  “the sum of squared distances between points and their cent
divided by the number of points”
using Sorensen’s (Bray Curtis) distance measure
mutations for a test of α =0.0
3.6.3 Indicator Species Analysis (ISA) 
3.6.4 Ordination: Non-Metric Multidimensional Scaling (NMS)  
et al
et al
3.6.5 Analysis of Seed Bank Species Presence 
Comparison of Seed Bank with 15 year Post-harvest Community Diversity Measures 
 
4.0 RESULTS 












Total Soil Nitrogen (TN)
Total Soil Carbon (TC)
Bray’s Phosphorus (P)
Potassium (K): 
Total Soil Calcium (Ca):
Total Soil Magnesium (Mg):
4.2 Species Diversity Measures 
harvest values for richness, evenness, Shannon’s H' and Simpson’s D 
loam or peat sites but led to changes in E, H’ and D on sand types. Rete

and vascular Shannon’s H’ and Simpson’s D.  Evenness of all, vascular and non














Species Richness All Species ST 2 306.79 0.86 0.51
BK 3 362.91 2.90 0.04
HT 3 1244.33 9.95 ≤0.0001
ST*HT 6 316.46 2.53 0.03
Error 57 125.12
Total 71
Vascular Species ST 2 298.18 1.01 0.46
BK 3 295.74 5.16 0.003
HT 3 517.05 9.02 ≤0.0001
ST*HT 6 230.66 4.03 0.002
Error 57 57.30
Total 71
Evenness All Species ST 2 0.02 1.99 0.280
BK 3 0.01 1.94 0.130
HT 3 0.03 4.80 0.005
ST*HT 6 0.02 3.82 0.003
Error 57 0.006
Total 71
Vascular Species ST 2 0.08 4.02 0.14
BK 3 0.02 1.63 0.19
HT 3 0.03 2.18 0.10
ST*HT 6 0.04 3.51 0.005
Error 57 0.01
Total 71
Shannons H' All Species ST 2 0.67 1.34 0.04
BK 3 0.50 3.92 0.01
HT 3 2.03 15.97 ≤0.0001
ST*HT 6 0.26 2.03 0.08
Error 57 0.13
Total 71
Vascular Species ST 2 1.15 4.44 0.13
BK 3 0.26 1.60 0.20
HT 3 1.80 11.22 ≤0.0001
ST*HT 6 0.70 4.34 0.001
Error 57 0.16
Total 71
Simpson's D All Species ST 2 0.03 1.10 0.06
BK 3 0.03 5.13 0.24
HT 3 0.07 13.79 0.04
ST*HT 6 0.01 2.25 0.05
Error 57 0.005
Total 71
Vascular Species ST 2 0.09 6.35 0.08
BK 3 0.01 1.18 0.33
HT 3 0.12 10.11 ≤0.0001











Species Richness All Species ST 2 1285.14 642.57 2.19 0.26
BK 3 879.90 293.30 1.85 0.15
HT 2 143.46 71.73 0.45 0.64
ST*HT 4 1140.76 285.19 1.80 0.15
Error 42 6668.08 158.76
Total 53 10028.80
Vascular Species ST 2 973.06 486.53 2.42 0.24
BK 3 603.622 201.21 2.84 0.05
HT 2 168.36 84.18 1.19 0.32
ST*HT 4 724.48 181.12 2.56 0.05
Error 42 2976.88 70.88
Total 53 6030.59
Non-vascular ST 2 141.89 70.95 49.84 0.01
BK 3 4.27 1.42 0.03 0.99
HT 2 82.45 41.23 0.95 0.39
ST*HT 4 105.29 26.32 0.61 0.66
Error 42 1821.64 43.37
Total 53 2149.20
Evenness All Species ST 2 0.06 0.03 10.53 0.04
BK 3 0.01 0.00 0.49 0.69
HT 2 0.03 0.01 2.41 0.10
ST*HT 4 0.75 0.02 3.26 0.02
Error 42 0.24 0.01
Total 53 0.41
Vascular Species ST 2 0.07 0.04 1.03 0.46
BK 3 0.11 0.04 3.91 0.02
HT 2 0.04 0.03 2.24 0.12
ST*HT 4 0.15 0.04 4.16 0.01
Error 42 0.39 0.01
Total 53 0.67
Non-vascular ST 2 0.24 0.12 1.58 0.34
BK 3 0.23 0.08 2.65 0.06
HT 2 0.05 0.03 0.89 0.42
ST*HT 4 0.42 0.11 3.64 0.01
Error 42 1.22 0.03
Total 53 2.15





ST - site type (loam, sand, peat); BK(ST)  site type rep

4.2.2 Ground Layer Disturbance 
vs
4.2.3 Fine Woody Material (FWM) Disturbance  
4.3 Reproductive Strategy Response 
reproduction (p ≤ 0.0001) and 
4.4 Species Composition and Abundance 
Source df Mean Squares F p
Seed Reproduction
Site type (ST) 2 45.17 1.34 0.38
Block (BK) 3 33.76 3.07 0.04
Harvest Treatment (HT) 3 130.37 11.84 <0.0001




Site type (ST) 2 106.17 2.51 0.23
Block (BK) 3 42.28 6.63 ≤0.001
Harvest Treatment (HT) 3 5.5 0.86 0.47
Harvest treatment x Site type (HT*ST) 6 25.72 4.03 0.002
Error 57 6.38
71
Seed and Vegetative Reproduction
Site type (ST) 2 2.89 0.36 0.73
Block (BK) 3 8.06 4.88 0.004
Harvest Treatment (HT) 3 9.89 5.99 0.001
Harvest treatment x Site type (HT*ST) 6 1.11 0.67 0.67
Error 57 1.65
71
p= level of significance; df=degrees of freedom, 








angustifolium Alnus incana  
Data Set Source df Mean Square F-ratio p
All Species
ST 2 2.664 12.132 <0.001
HT 2 0.552 2.516 0.001




ST 2 2.094 9.044 <0.001
HT 2 0.488 2.107 0.09
ST x HT 4 0.333 1.439 0.05
Residual 45 0.232
Total 53
Populus tremuloides  Pinus banksiana 
., Vaccinium myrtilloides
Calamagrostis canadensis 
Tragopogon pratense P. 
banksiana Cladina
Salix





B. papyrifera Larix laricina Alnus, 
Salix
E. 








Gaultheria hispidula 62.6 83 0.02














Gaultheria hispidula 72.3 83 0.003
Linnaea borealis 61.2 100 0.02
Rosa acicularis 0.08
Vaccinium angustifolium 0.007
Vaccinium myrtilloides 59.6 83 0.04
Cornus canadensis 47.4 100 0.06
Maianthemum canadense 53.6 100 0.02
Symphyotrichum  ciliolatum 0.007
Pleurozium shreberi 58.4 100 <0.001
Ceratodon & Pohlia 0.04
Table 4.10 cont’d. Indicator species found on loam, sand and peat sites for uncut (UNCUT), tree























Pleurozium shreberi 47.8 86 0.1
Sphagnum  spp. 49.2 100 0.07 0.08
Lichen
Cladina  spp. 0.01
Bold - signficant at p≤0.1, IV = Indicator Value, f=relative frequency of occurrence, p=probability
4.5 Soil Seed Bank  
Carex Poa
4.5.1 Loam Site Type  
Carex Poa
Diervilla lonicera 
 Chamaedaphne calyculata 
Corydalis sempervirens, Geranium 














































































































































































































































































































Figure 4.5 (cont’d) 
4.6 Relationship of Environmental Variables with Plant Community Composition  







































































4.6.3 Sand Site Type 












































Larix Betula F) Salix 
Kalmia  Solidago J) Epilobium  Anaphalis 
and Vicia 
Hieracium  Poa Eriophorum Calamagrostis 
A. incana









5.1 Species Diversity 
et al. et 
al., et al.
hannon’s and Simpson’s diversity 
et al.






he pattern for Shannon’s diversity showed 






et al et al.
A. 
margaritaceae H. aurantiacum
C. purpureus P. nutans
et al. et al.
Eriophorum C. canadensis
et al.
5.2 Species Composition 

















Simpson’s diversity index (
et al





P. tremuloides P. banksiana
V. myrtilloides C. canadensis
T. pretense
 
C. canadensis T. pretense
P. banksiana,
Cladina









et al. . Its’ limited 
B. papyrifera
S. cilolatum
C. purpureus P. nutans










“afte fects” on et 
al.






Agrostis gigantea Poa 
pratense L. – (
et al
Taraxacum officinale
et al. H. aurantiacum , T. officinale  Achillea millefolium 
et al. et 
al et al.
C. calyculata D. lonicera
Ribes, Rubus pubescens R. 
idaeus
D. lonicera Aralia 
nudicaulis,
G. hispidula
5.3 Compliance with IDH and MRH  
species Simpson’s diversity index on loam site types. The more common pattern was to 
et al.
et al.
(e.g., Simpson’s diversity values were even across 






























































































































O’Bryan, K.E., Prober, S.M., Lunt, I.D. and Eldridge, D.J. 2009. Frequent fire promotes 
–
O’Hara, R























































ascular and nonvascular species, at times referred to as “all species”.







APPENDIX III. ENVIRONMENTAL PARAMETERS BY SITE TYPE 
 
APPENDIX IV. AVERAGE NUMBER OF GERMINANTS FOR SEED 
COLLECTED FROM SOIL SEED BANK ON LOAM, SAND, 
AND PEAT SITE TYPES 













Chamerion angustifolium  
Gaultheria hispidula
